To develop an amperometric biosensor based on immobilized uricase (1.7.3.3) from Arthrobacter Globiformis and a platinum disk electrode for the detection of uric acid in biological fluids. Methods. To obtain a highly selective detection of the uric acid concentration, an additive semi-permeable polymer film was formed on the surface of a platinum disk electrode by electro-polymerisation of m-phenylene diamine. The enzymatic selective layer was formed on the poly-m-phenylene diamine membrane using uricase immobilized in BSA matrix by a non-toxic crosslinking agent -poly(ethylene glycol) diglycidyl ether (PEGDE). Results. An influence of possible interfering substances -ascorbic acid, cysteine, urea, glucose, glutamic acid and lactic acid -was studied. Almost no effect of these electrochemical compounds on the biosensor re-sponse was found, indicating that the selectivity of the developed biosensor is very high. The bio-sensor characteristics were determined: detection limit 0.001 mM (s/n = 3), linear working range 0.008-0.218 mM, sensitivity 165 µA•mM -1 cm -2 . The biosensor stabi-li-ty and reproducibility were studied and shown. Conclusions. The developed biosensor was validated by comparing the results of the urine samples analysis provided with the biosensor and the spectrophotometric method (correlation coefficient r = 0.99).This biosensor is found to be promising method for uric acid detection in the real samples.
Introduction
Uric acid (2,4,6 -trihydroxypurine) is an end product of the purine metabolism in humans.
A number of diseases, sometimes very serious, are known to be caused by the violations of ISSN 1993-6842 (on- purine metabolism, generally declared as a significant increase of uric acid in the blood. It can result for instance, in the development of hyperuricemia (Lesch-Nyhan syndrome) [1] and gout [2] [3] . According to the epidemiological studies, on average 0.01-0.37 % of adults worldwide suffer from gout, caused by the kidney failure, as well as hematological diseases, myocardial infarction, and heart failure [2] . Several medical investigations demonstrated that an increased level of uric acid in human serum was a risk factor for cardiovascular disease [4] . The normal level of uric acid ranges from 240 to 520 µM in blood serum and 1.4 to 4.4 mM in urine [5] , increasing by 3-4 times under at pathology. Therefore, the determination of uric acid concentration in biological fluids is important in the laboratory practice. A number of methods are used for the analysis -chemical [6] , enzymatic-colorimetric [7] , chemiluminescent [8] [9] , fluorescent [10] , voltammetric-colorimetric [11] , enzymatic-spectrophotometric [12] , mass spectrometric [13] , high performance liquid chromatography [14] , capillary electrophoresis, and amperometry [15] .
Molecular and Cell Biotechnologies
However, despite the noticeable diagnostic importance of the quantity of uric acid concentration, its analysis is not widely used in clinical practice because of the low specificity and complex procedure of the existing methods.
The Biosensors can be considered as a good alternative method of the uric acid detection [16] .
In this work an amperometric biosenor for the determination of uric acid has been develo ped using a promising method of the uricase immobilization with poly(ethylene glycol) diglycidyl ether (PEGDE) on the transducer surfaces. PEGDE, an important component of the redox hydrogels, is broadly used in the commercial devices. It is a non-toxic chemical, which is utilized for the enzyme fixation. It contains two epoxy groups able to react with the amino-, hydroxyl-and carboxyl groups of enzymes [17] . Under the influence of temperature PEGDE reacts with amino groups of the enzyme at higher rate and forms a matrix for uricase immobilization on the electrode surface, which is very similar to the matrix formed with glutaraldehyde.
Previously it was shown [18] that the immobilization with PEGDE has a slight effect on the enzyme catalytic parameters and at the same time the immobilized enzyme is stable and selective.
Materials and Methods

Materials
Uricase (1.7.3.3.), 15-30 U/mg of protein from Artrobacter globiformis, production of "Sigma" (Germany); uric acid (99% purity), production of "Sigma" (Hungary); 99% ethanol, production of "Fluka" (Germany); bovine serum albumin (BSA) (fraction V), production of "Sigma" (Germany); poly(ethylene glycol) diglycidyl ether (Mn 500), production of "Sigma" (Japan); 1,3 phenylenediamine, production of "Sigma-Aldrich Chemie GmbH; borate buffer (Na 2 
A scheme of measuring setup
Amperometric measurements were carried out in the 2 ml electrochemical cell using a potentiostat/galvanostat PalmSens (Netherlands production) controlled by the PalmSens PC programme (Fig. 1) . The three-electrode circuit consisted of platinum working, platinum auxiliary and Ag/AgCl reference electrodes [19] .
The amperometric platinum transducers were studied with regards to the signal reproducibility and reliability by cyclic voltamperometry in the potential range of 0 to +1.0 V versus the Ag/AgCl reference electrode (a speed of potential involute was 0.05 V/s). The experiments were carried out in 5 mM borate buffer, pH 8.5.
Procedure of deposition of additional poly-m-phenylene diamine membranes on the surface of amperometric platinum electrodes
The unmodified amperometric platinum transducers are characterized by their sensitivity to a variety of electroactive substances. To improve the transducer selectivity two approaches were used: reduction of working potential and deposition of semi-permeable membranes on the transducer surface. Such membranes are permeable for small compounds, such as hydrogen peroxide, and are a barrier for diffusion of bigger compounds to the electrodes. For the membrane deposition, a bare transducer was immersed in 1 mM solution of m-phenylene diamine (m-PD), afterwards five cyclic voltammograms were obtained (if more than five cycles of polymerization are performed the membrane becomes too dense, which results in the significantly reduced sensitivity of the transducer to hydrogen peroxide). m-Phenylene diamine was dissolved in 10 mM potassium-phosphate buffer, pH 7.2. The initial potential was 0 V, the end potential +0.9 V, the rate of potential change was 0.2 V/s in the presence of 5 mM m-phenylene diamine. Before the subsequent deposition of the bioselective membrane, the surface of poly-m -PDmodified transducer was thoroughly washed with distilled water. The technique of deposition of the poly-m-phenylene diamine membrane was adapted from [20] .
The cyclic voltammogram of poly-m-PD electropolymerisation demonstrates a decrease of the peak values in each next cycle caused by the formation of a polymer film on the working electrode surface.
Preparation of bioselective membrane
To prepare an uricase-based bioselective element the required amounts of the enzyme and BSA were dissolved in 20 mM phosphate buffer, pH 8.5, with addition of glycerol for the enzyme stabilization and prevention of early drying of the solution on the transducer surface. The obtained solution was mixed with PEGDE just before the membrane preparation. The final mixture contained 50 mg/ml uricase, 50 mg/ml BSA, 5 % of glycerol and 40 mg/ ml PEGDE in 20 mM phosphate buffer, pH 8.5. The prepared mixture was immediately deposited on the sensitive surface of platinum disk electrode; 0.1 µl was needed to cover it completely. For immobilization the electrode was placed in the oven at 55 o C for 2h (see Fig. 1 ).
Preparation of uric acid solution.
5 mM solution of uric acid in the 5 mM borate buffer, pH 8.5, was prepared just before the measurement. For complete dissolution of uric acid the solution was heated to 50 o С. pH of uric acid solution was adjusted to pH 8.5 with 1M NaOH.
Procedure of measuring substrates in model solutions
Biosensor measurements of the uric acid concentrations were carried out at room temperature in an open electrochemical cell filled with working buffer (mostly 5 mM borate buffer, pH 8.5) at vigorous stirring. Before addition of uric acid, the transducers were kept in the working buffer solution until the stable signal (base line) was obtained. The substrate concentration in the electrochemical cell was changed by adding aliquots of the substrate stock solutions. The experiments were carried out in at least three replications.
Statistics
Statistical package Microsoft Excel 10 was used for statistical analysis of the results, the average values and standard deviations were calculated; the results were considered as reliable at p < 0.05.
Results and Discussion
Transducer optimization
The biosensor selectivity depends on two major factors -selectivity of an enzyme (an enzyme-substrate reaction) and selectivity of a transducer (influence of electrochemical interferents). To minimize the effect of interfering substances, it was created a semipermeable selective membrane, which prevents an access of undesirable active compounds to the transducer surface. An additional polymeric membrane obtained by electrochemical oxidation of water-soluble monomer phenylene diamine was used for the purpose. The best sensitivity and selectivity were reported in case of meta-phenylene diamine, whereas ortho-phenylene diamine provided high sensitivity but low specificity, para-phenylene diamine -low sensitivity and selectivity [20] . The selectivity of bare electrodes and electrodes coated with poly-m-phenylene diamine to possible interferents was studied via assessing their sensitivity response to uric acid, ascorbic acid, cysteine, glutamic acid, urea, lactate, glucose. As shown in Fig.2 (A) , bare electrodes responded to a wide range of interfering substances, whereas the polymercoated electrodes almost did not react to them.
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Hence, in practical measurements, the minimal sensitivity of transducer to possible interfering substances can be neglected and this design of transducers can be successfully used for the further development of the biosensor for uric acid analysis.
A comparison of the sensitivity of bare and modified electrodes to hydrogen peroxide showed that after deposition of a poly-m-phenylenediamine layer onto the platinum electrode surface, the sensitivity to H 2 O 2 decreased slightly (see Fig.2 (B) ).
Biosensor
All known methods for the enzymatic determination of uric acid using uricase are based on the enzymatic oxidation of uric acid with production of allantoin, hydrogen peroxide and carbon dioxide:
Decomposition of electrically active substance hydrogen peroxide results in generation of electrons, which can be registered by amperometric transducer H 2 O 2 → 2H + + 2e -In the work presented, we used uricase for creation of the biosensor and the enzyme was immobilized on the transducer surface by poly (ethylene glycol) diglycidyl ether crosslinking.
The measurements were generally carried out at room temperature in an intensively stirred electrochemical open cell system. The typical dependence of the biosensor response on the uric acid concentration (calibration curve) is presented in Fig. 3 .
As can be seen from presented in linear coordinates). Under the conditions described, the time of biosensor response was about 5-10 s. The presentation of the biosensor calibration curve in semilogarithmic coordinates gives the possibility to extend the linear dynamic range and to shift the range of uric acid detection to higher concentration.
A low value of Michaelis-Menten constant (0.06 mM) indicates that immobilized uricase in the BSA-PEGDE layer has high affinity to uric acid. The detection limit of the uricase biosensor was estimated as 0.001 mM (s/n =3).
Since the biosensor working characteristics strongly depend on the experimental conditions, it was important to examine an effect of ionic strength and pH on the biosensor response. The dependence of amperometric biosensor response on the NaCl concentration is shown in Fig.4(A) .
An analysis of the impact of NaCl concentrations revealed a little effect on the response of amperometric uricase-based biosensor. Notably, it is typical for most enzyme amperometric biosensors [21] .
As known, each enzyme has a specific working optimum pH value. For some enzyme it can be changed after immobilization, shifting into alkaline or acid region. This phenomenon can be explained in the first place by the change in conformation of immobilized enzyme and redistribution of charges within the enzyme-BSA-PEGDE system. The pH-dependence of the sensor response was investigated for 3, 8 and 18 µM uric acid over the pH range of 6.0-11.0 in the universal buffer solution [22] . The experimental results show (see Fig.4 (B) ) an atypical picture of dependence of the biosensor responses on pH; it means that the activity of immobilized uricase is weakly dependent on the pH changes in this range. The form of curves can be explained by an increase in the immobilized enzyme stability and/or by the limitation of substrate diffusion in a bioselective membrane [23] . The highest activity was observed at pH 8.5, which was chosen as optimal for further work.
The response reproducibility and operational stability, the most important biosensor characteristics, were studied. The biosensor responses to different concentrations of uric acid were measured over one working day with 30-min intervals, the biosensor with immobilized uricase being kept between measurements in buffer solution at room temperature. The biosensor was characterized by high reproducibility (relative standard deviation of the signals did not exceed 5 %) and high operational stability (the bioselective element did not lose its activity during 5-6 h).
To study long-term stability of the biosensor developed, the responses to the same concentration of substrate were evaluated with 100-hour intervals between subsequent measurements (data not presented). During the first 100 hours of storage, the biosensors lost 30 % of the initial sensitivity. In 400 hours, the biosensors still exhibited approximately 50 % of their initial sensitivity. The loss of activity is probably associated with the relatively low stability of uricase.
Analysis of real samples
An efficiency of the developed biosensor for in the analysis of real samples was evaluated by comparing the values of uric acid concentration in the urine samples of 15 volunteers measured by the presented biosensor method (axis Y) with the results obtained by spectrophotometric method [24] (axis X) (Fig. 5) . A high correlation was demonstrated (correlation coefficient r = 0.99).
Conclusion
The electrochemical biosensor based on the poly(m-phenylenediamine) modified platinum disk electrode as a transducer and immobilized uricase from Arthobacter globiformis as a sensitive element has been developed for detection of uric acid in the presence of electrochemical compounds. It provides a sensitive, selective and rapid methods of uric cid analysis.
The amperometric biosensor for detection of uric acid in biological fluids was developed using uricase immobilization by a non-toxic crosslinking agent -poly(ethylene glycol)diglycidyl ether.
The main characteristics of the developed biosensor were estimated. The biosensor demonstrated fast response (5s), high sensitivity and selectivity, linear working range of 0.01 -0.22 mM with detection limit of 0.001 mM (s/n =3). The biosensor was tested when analyzing the urine samples of 15 volunteers. The results correlated with those obtained by the standard spectrophotometric method. Thus, the developed biosensor can be applied for monitoring the level of uric acid in urine at norm and pathology during the medical examination of population.
не с использованием уриказы, иммобилизированной в матрице БСА, в качестве сшивающего агента исполь-зовали нетоксичный диглицидиловый эфир полиэти-ленгликоля (ПЭГДЭ). Результаты. Исследовано вли-яние интерферирующих веществ: аскорбиновой кис-лоты, цистеина, мочевины, глюкозы, глутаминовой кислоты, молочной кислоты на активность разрабо-танного биосенсора и показано отсутствие влияния этих электрохимически активных веществ на отклик биосенсора, что свидетельствует об очень высокой селективности разработанного биосенсора. Опре де-лены следующие характеристики биосенсора: гранич-ная определяемая концентрация 0.001 мM (s/n = 3), рабочий линейный диапазон 0.008-0.218 мM, чувстви-тельность 165 мкА•мМ -1 см -2 . Также исследованы и продемонстрированы операционная стабильность биосенсора и его стабильность при хранении. Выводы. Апробация разработанного биосенсора при анализе реальных образцов мочи показала хорошую корреля-цию данных с классическим спектрофотометрическим методом (коэффициент корреляции r = 0.99). Таким образом, данный биосенсор является перспективным методом и может быть использован в медицинской диагностике для определения мочевой кислоты в ре-альных образцах.
